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    目的： 
1.用组织芯片和免疫组化技术检测肝癌组织中 MAPK 相关蛋白及多药耐药





4.用索拉菲尼及 ERK 抑制剂 PD98059下调 ERK后检测人肝癌细胞耐药株耐





2. 采用 ADM 对 SMMC-7721、BEL-7402 等二株人肝癌细胞株进行大剂量
冲击诱导。用显微镜观察细胞在诱导过程中的生物形态变化。采用 MTT 法进行
药敏实验。 
3.用 MTT 法检测索拉菲尼及 PD98059 对肝癌细胞的毒性. 
4.用 Western Blot 检测 MAPK 信号转导系统中 ERK1、ERK2 及 P-ERK1/2
的表达。用生物发光法检测下调 ERK 后耐药株的耐药性的变化。 
    
    结果： 
1. ERK1、JNK2、JNK3 与多药耐药的有相关性，其中以 ERK1 为显著和稳定。
ERK1 与 p-gp、P53、Topo-Ⅱ呈明显的正相关。多药耐药的相关指标中 Topo-Ⅱ与增殖

















累及肝被膜(Glicap)(p=0.007, r=0.263)、门静脉癌栓(PVT) (p=0.003, r=-0.286)显著
相关；正常组织中多药耐药和病理诊断(Diagnosis，包括原发性肝癌，转移性肝
癌，复发性肝癌) (p=4.81E-06, r=-0.358)、肿瘤大小(size) (p=0.034, r=-0.175)和病
理组织学分类中的硬化型(sclerotic) (p= 0.031, r= 0.187)显著相关。癌组织中
MAPK 通路蛋白表达和临床病理诊断(Diagnosis) (p= 0.0003, r=0.263)指标显著相
关；癌旁组织中 MAPK 通路蛋白表达和分化程度(Differentiation) (p= 0.010, 
r=0.210)指标显著相关；正常组织中 MAPK 通路蛋白表达和年龄(Age) (p=0.026, 
r=-0.190)、AFP 水平(AFP) (p=0.038, r=0.178)和病理组织学分类中的假腺样
(pseudoglandular) (p= 0.035, r= 0.182)显著相关。 
2. 诱导得到２株细胞系。与亲本株相比，耐药株耐药指数均大于 5，对多种
化疗药耐受性增强，耐药基因、耐药蛋白表达上调 2～10 倍，并以高浓度冲击法
诱导的细胞上调更显著。耐药细胞增殖活性升高 20 倍以上，细胞周期 S 期阻滞，
体外侵袭能力增强 1.3～2.5 倍，ADM 干预后，凋亡率减少 50%以上。 
3.人肝癌耐药细胞株 MAPK 信号转导系统中不同基因和蛋白表达量均有不
同比例升高，ERK1、ERK2 升高明显。 
4.用 PD98059 后者索拉菲尼下调 ERK 的表达后，耐药株的耐药性下降。 





路相关性程度不同。癌组织 MAPK 通路中的 ERK1 的表达和多药耐药显著相关，
ERK1 和多药耐药的相关性是无组织特异性的；另外，和癌旁以及正常组织比较，
癌组织中 JNK2, JNK3 和多药耐药的相关性将会被弱化，可能和肿瘤的发生、用
药效果等有一定的联系。由 ERK1 导致的多药耐药可能与通过调节它的下游靶蛋
白 Topo-Ⅱ影响细胞的增殖能力及上调膜转运蛋白 p-gp 的功能有关。 
3. ADM 能够诱导多株人肝癌细胞产生多药耐药性。索拉菲尼和 PD98059 能

















关键词：组织芯片  肝细胞癌  多药耐药  MAPK     ERK 


















1. To detect the expression of Mitogen- activated protein kinase (MAPK) cell 
signaling pathways and multidrug resistance (MDR) related proteins in human 
hepatocellular carcinoma (HCC) tissues by tissue microarrays and 
immunohistochemistry (IHC). Preliminarily explore the relationship between MAPK 
and MDR in human HCC. 
2. Detect the expression of  MAPK related proteins, MDR related proteins and 
proliferation related proteins( ki-67,PCAN),analyse their relationship with clinical and 
pathologic features ，explore their clinical significance. 
3 To induce multidrug resistance (MDR) cell models from human hepatocellular 
carcinoma (HCC) cell lines by chemotherapy drugs, and characterize their resistance 
ability. Compare the differences of biological characteristics between human HCC 
resistant and parental cells. 
4. Downregulate the ERK by Sorafenib and PD98059,then detect the change of 
multidrug resistance,explore the relationship between MDR and ERK. 
    Methods 
 1.Make tissue microarrays,detect the expression of  MAPK related 
proteins,MDR related proteins and proliferation related proteins ( ki-67,PCAN) by 
immunohistochemistry (IHC) .Statistic analyse the large number of sample 
dates,analyse the relationship between MAPK and MDR,MDR and proliferation. 
2.Induce  multidrug resistance (MDR) cell models from human hepatocellular 
carcinoma (HCC) cell lines by ADM. Cellular morphology and biological 
characteristics of all the cell lines were determined by microscopy and cell counting. 
Drug sensitivity was monitored by ATP bioluminescence and MTT assay 
3.Detect the toxicity of sorafenib and PD98059 to MDR hepatocellular 















4.Western bolt (WB) were performed to appraise the erk1, erk2 protein 
expression on these cell lines after downregulated by sorafenib and PD98059 .Detect 
the resistence vicissitude by ATP bioluminescence. 
Results 
1. The relationship between  ERK1 、 JNK2 、 JNK3 and MDR is 
significant,especially erk1.The results showed that there were obviously positive 
correlations between ERK1 and  p-gp、P53、Topo-Ⅱ.Among the MDR proteins, The 
relationship between Topo-Ⅱand proliferation related proteins( ki-67,PCAN) is 
prominent. There were obviously negative correlations between ERK1 and 
K-ras,MRP3. 
Both MDR related proteins and MAPK related proteins couldn’t distinguish the 
different kinds of HCC (Primary Liver Cancer,recurrent hepatocellular 
carcinoma,metastatic hepatocellular carcinoma )and tissues(cancer tissue、paracancer 
tissue、normal tissue). Invasive liver capsule(p=0.007, r=0.263) and portal vein tumor 
thrombus PVTT ((p=0.003, r=-0.286) are positively correlated with MDR related 
proteins in paracancer tissues.Pathological diagnosis(p=4.81E-06, r=-0.358),tumor 
size (p=0.034, r=-0.175) and sclerotic type(p= 0.031, r= 0.187) are positively 
correlated with MDR related proteins in normal liver tissues. Diagnosis(p= 0.0003, 
r=0.263) is remarkably correlated with MAPK related proteins in hepatocellular 
carcinoma tissues. Differentiation (p= 0.010, r=0.210) is obviously correlated with 
MAPK related proteins in paracancer tissue.Age(p=0.026, r=-0.190) 、 AFP 
level(p=0.038, r=0.178) and pseudoglandular(p= 0.035, r= 0.182) are obviously 
correlated with MAPK related proteins in normal tissues。 
2. Two different human HCC cell lines, SMMC-7721, BEL-7402, were exposed 
to high concertration of adriamycin (ADM) intermittent and corresponding new 
sublines were established. Compare to parental cell lines, MTT assay showed that 
these sublines were resistant to ADM .the sublines resulting from high dose exhibited 
more resistant feature. These new cell lines grow and propagate normally in medium 
supplemented with ADM. Furthermore, all the resistant cell lines had some changes in 
















3. The expression of MAPK mRNAs and proteins were significantly elevated in 
different rate, especially erk1 and erk2. 
4. Multidrug resistance decline when ERK downregulated ERK by sorafenib or 
PD98059. 
Conclusions 
1.Technology of tissues microarray applied to detect the expressions of genes 
from a large of specimens is feasible.Combined evaluation of the expressions of these 
genes in liver cancer maybe suitable to estimate clinical prognosis and have the 
correlations with clinical pathologic features. 
2.The degree of relationship between MAPK and MDR is different among various 
sub-family.The expression of ERK1 is obviously correlated with MDR without tissue 
specificity ,Furthermore,compared with paracancer tissue and nomal tissue,the degree 
of correlation between JNK1,JNK3 and MDR in cancer tissue  declined maybe due 
to the chemotherapy and cancer happenings.The results indicate that MDR caused by 
ERK1 may correlated to the function by regulating the capacity of the downstream 
target protein Topo-Ⅱ which is proliferation protein and increase the ability of 
membrane transport protein P-gp. 
3.Not only in vivo liver tissue but also in vitro, the expression of P-ERK1/2 
related significantly with MRD. 
4. ADM could be used for multiple MDR cell induction.The expression of 
P-ERK1/2 in  the human HCC MDR cell models can be suppressed effectively by 


















缩略词 英文全称 中文全称 
ABC ATP-binding cassette ATP 结合盒 
ADM Adriamycin，Doxorubicin 多柔比星，阿霉素，亚德里亚霉素
APS Ammonium persulfate 过硫酸铵 
ATP Adenosine triphosphate 腺嘌呤核苷三磷酸，三磷酸腺苷 
BSA Bovine Serum Albumin 牛血清白蛋白 
cDNA Complementary DNA 与 mRNA 互补脱氧核糖核酸 
DAB Diaminobenzidine 3，3-二氨基联苯胺 
DEPC Diethylpyrocarbonate 焦碳酸二乙酯 
DMEM Dulbecco’s Modified Eagle’s Medium DMEM 培养基 
DMSO Dimethyl Sulfoxide 二甲基亚砜 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
dNTP Deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
ECL Enhanced chemiluminescene 化学发光自显影 
EDTA Ethylene Diamine Tetracetic Acid 乙二胺四乙酸 
EGF Epidermal (epidermic) growth factor 表皮生长因子 
ERK extracellular signal-regulated kinase 细胞外信号调节激酶 
FBS Fetal bovine serum 胎牛血清 





GST Glutathione S-Transferase 谷胱甘肽 S-转移酶 
HCC Hepatocellular Carcinoma 肝细胞癌 
HE Hematoxylin-eosin 苏木素-伊红 
HRP Horseradish Peroxidase 辣根过氧化物酶 















IHC Immunohistochemistry 免疫组织化学染色 
IOD Integrated Optical Density 平均光密度值 
JNK c-Jun N-terminal kinase c-Jun 氨基末端激酶 
LRP Lung resistance related protein 肺耐药相关蛋白，MVP 
MAb Monoclonal antibody 单克隆抗体 
MAPK Mitogen-activated protein kinase 丝裂原活化蛋白激酶 
MDR Multi-drug resisitance 多药耐药 
min Minute 分钟 
MMC Mitomycin C 丝裂霉素 C 
mRNA Messenger RNA 信使核糖核酸 






OD Optical Density 光密度 
PAb Polyclonal antibody 多克隆抗体 
PAGE PolyAcrylamide Gel Electrophoresis 聚丙烯酰胺凝胶电泳 
PBS Phosphate-Buffered Saline 磷酸盐缓冲液 
PCNA Proliferating Cell Nuclear Antigen 增殖细胞核抗原 
P-gp p-glycoprotein p-糖蛋白 
PI Propidium iodide 碘化丙啶 
PI Proliferation index 增殖指数 
PKC Protein Kinase C system  蛋白激酶 C 
PPC Peak Plasma Concentration 血浆峰值浓度 
PS Penicillin-Streptomycin 青-链霉素 
PVDF Polyvinylidene Fluoride 聚偏二氟乙烯 
RI Resistance index 耐药指数 
RNA Ribonucleic Acid 核糖核酸 
Rpm Rotation per minute 转每分钟 
















SDS Sodium dodecyl sulphate 十二烷基磺酸钠 
SFC Serum-free culture 无血清培养 
TAE Tris-acetic acid-EDTA buffer Tris-乙酸-EDTA 缓冲液 
Taq Thermus-aquaticus DNA polymerase 耐热 DNA 聚合酶 
TBS Tris Buffered Saline 三羟甲基氨基甲烷缓冲盐水 
TEMED N，N，N，N-tetramethyl ethylene diamine 四甲基乙二胺 
Topo topoisomerase 拓扑异构酶 
Tris Tris(hydroxymethyl) aminomethane 三羟甲基氨基甲烷 
WB Western blotting 蛋白免疫印迹 
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